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was exposed dorsally, with the body shielded. 

was given at 240 R/min. 

A single dose of 21.6 kR 

., A t  24 hours postexposure, the animals were anes- 
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The purpose of this paper i s  t o  describe the u l t ras t ruc tura l  

changes found in  the i r radiated cerebellar cortex of the rat following I 
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f ixat ion by osmium perfision. The cerebellum was  selected for  study 

I because it contains a wide variety of eas i ly  recognized ce l lu la r  t m s  

and structures i n  a s m a ~ l  volume of t i s sue .  p 6 5 8 8  4 8 6 
ITHRUI 

t- tACCESS10N NUMBER) ‘a* 
- 

c% 
(CODE) 

! db 
MATERIALANDMETHODS g IPAOESI 

of a s l igh t  modification of the Gechnique of Palay, e t  a l .  (1961), I 

described elsewhere (de Estable , ‘ e t  al .  1964) . 
*NAS-NRC Resident Research Associates on leave of absence *om 

a- 0 -  

! 
__ Facultad de Ikdicina, Montevideo, Uruguay. 



i 

! 

I 
j 

i 

I 

1 
i 
! 
! 
1 
! 

- 
2 

Foiiaring perfusion, the cal,nriixii 'wss q x m d  am2 t h e  brnin removed. 

In  successful perfusion the brain was homogeneously black. 

the cerebellum of these brains were embedded i n  paraffin fo r  l igh t -  

microscopy control study. Some sections were stained with PAS af%er pre- 

treatment with dimedone, as recommended by B W r  (1959). Companion sec- 

t ions were subjected t o  e n z m t i c  digestion with wwlase .  As a nuclear 

s ta in ,  hematoxylin or cresyl  violet  was used. 

cold picroalcoholic f ixat ive (Rossman) and others i n  Zenker-formol. 

Sl ices  from 

f ,?  * 

Some brains were fixed i n  

# 

From the  chromic-osmium fixed animals, pieces of cerebellum adjacent 

t o  those used fo r  light-microscopy colftrol were placed i n  the same cold 

f ixa t ive  and kept i n  the ice  box for  2 hours. 

ded i n  Epon 812 according t o  the method of Luf t  (1961). 

were made with glass knives applied t o  the Porter-Blwn "Ml" ultramicro- 

tome. 

with lead hydroqde according t o  the method of Karnovsky (1961) or by a 

canibined procedure u t i l i z ing  saturated aqueous uranyl acetate  fo r  1 hour 

and then lead hydroxyde for 15 minutes. 

The t i s sue  w a s  then embed- 

Thin sections 

Sections mounted on carbon-coated formvar gr ids  were then stained 

Thick sections were made and 

mounted on glass s l ides  and stained with paraphenylenediamine 

(Estable-Puig, e t  a l . ,  1963) and examined with the l i gh t  microscope. 

Selected sections were stained with PAS according t o  the procedure of 

Munger (1961). 

t i o n s  were examined with an B u - d  Hitachi electron microscope at  a voltage 

Some were observed with the phase microscope. Thin sec- 

of 50 or 75 kv. I , 

i 
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RESULTS 

Light Microscopy Study of Irradiated Cerebellar Cortex.- The q j e l i n  

core of the cerebellar fo l i a ,  including myelinated f ibers ,  astrocytes,  and 

interfascicular  oligodendrocytes, appeared f ree  from change (Figs. 1, 2). 

In the granular layer,  numerous altered granule c e l l s  were noted. 
Gigs. 1, 2 

They 

were randomly distributed; as a rule they were isolated but now and then 

were present i n  groups. The nucleus of these c e l l s  was great ly  reduced 
# I 

i n  size and intensely hyperchromatic (Figs. 3, 4 ) .  PAS-positive I 

; 
Figs. 3, 4 was found occasionally i n  the more superf ic ia l  par t  of the granular 

layer,  between granule ce l l s .  

ia g l i a  except fo r  s l igh t  enlargement of some astrocytes.  

No changes were found i n  Golgi c e l l s  or 
i 

! 

Purkinje c e l l s  appeared normal. In  sections of cerebellum fixed by 

immersion, some Purkinje c e l l s  were dark and others showed cytoplasmic 

chromatolysis and vacuolation, but since these changes were a l so  noted 
I 

i n  sections from control animals they were interpreted as a r t i f a c t s  due 

t o  the f ixat ion.  They were not seen i n  the perfusion-fixed cerebellum 

I < Figs. 5 ,  6 I 

(Figs. 5 ,  6) .  

perikaryon was  crowded with PAS-positive material corresponding histo- 

chemically t o  glycogen, as proved i n  amylase and dimedone control sec- 

t i ons .  The glycogen was  a l so  homogeneously dis t r ibuted i n  the 

osmium-fixed specimens (Figs. 7, 8) .  

The nuclei of the Bergmann c e l l s  appeared normal. The 

. 

(Figs. 7, 8 I 

I n  the molecular layer few changes were seen. Some nuclei were poor 
i 

i n  chromatin and i n  sone brains the basket c e l l s  looked l i ke  empty she l l s .  , 

The nuclei of the g l i a l  c e l l s  appeared unaltered, but such c e l l s ,  pre- 
-* ’* 
sumably astrocytes,  were sometinres surrounded by small amounts of glycogen. 
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Occasional pyknotic nuclei were seen. In the deeper two-thirds of the 

molecular layer,  large amounts of PAS-positive material were present i n  

the form of pa ra l l e l  rows extending t o  the superf ic ia l  part of the  molec- 

ular layer.. As based on amylase and dimedone control studies, t h i s  PAS- 

posit ive material was interpreted as glycogen. In tissue fixed by osmic 

perfusion, the glycogen was homogeneously dis t r ibuted i n  the ce l l s ,  while 

i n  picroalcoholic-fixed t i s sue  it had a coarse granular appearance. This 

has been previously demonstrated (de Estable, e t  al . ,  1964) . I 

Cerebellar vessels were dilated due t o  the f ixat ion by perfusion. 

No morphological changes were observed i n  the meninges. A few arach- 

noid c e l l s  contained some PAS-positive material. 

Electron Microscopy Study of Irradiated Cerebellar Cortex.- The myelin 

core of the cerebellar f o l i a  appeared normal. The myelinated fibers were 

w e l l  preserved, as i n  Fig. 9 .  Mossy f ibers  were also unaltered. Vessels 

i n  such regions appeared f ree  from change. 

In  .the granular layer,  a l tered granule c e l l s  were randomly dis t r ibuted 

among in tac t  granule ce l l s .  I n  few granule c e l l s  were intermediate stages 

between s l igh t  involvement t o  frank necrosis observed. In  s l i gh t ly  

involved c e l l s  chromatin clumping i n  the nucleus was the only change 

.' 
Fig. 10 < observed (Fig. 10) .  

matin was condensed in to  a homogeneous mass, and the s ize  of cells  thus 

In severely affected c e l l s  most of the nuclear chro- 

aPfected was great ly  reduced, soqetimes by as  much as 50 percent. Nucle- 
* 

o l i  i n  such c e l l s  were not recognizable. 
1 

material  occupied as much as oneifourth the nuclear cross section. 

l ike  structures were a l so  visible and frequently were close t o  the nuclear 

moaibrane. 

Lacunar areas containing granular 

Vacuole- 

N a r  and then the  nuclear membrane was serrated and focal ly  

disrupted. The cytoplasm was shrunken and more dense than usual and 

~. __ . . ..... . . ~ .  . :----,-,-?-.,-; 
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ribosomes were clumped. 

of dendrites (Fig. LO). 

This was noticed m i n l y  at  the si te of origin 

In close relationship with some granule c e l l s  

were processes of astrocytes, which were enlarged and loaded with deeply I 

stain- granules which corresponded t o  glycogen (Fig. 11) In some 

sections the outer surface of severely damaged c e l l s  seemed t o  have a 

multilayered border, probably representing membrane inJury, as seen i n  

Fig. 12. In t h i s  layer perivascular astrocytic processes loaded with 

glycogen were seen (Fig. 13). A s  far as could be determined, no struc- 
(Figs. 11-13 

tural changes were seen i n  axons of the granule ce l l s ,  including the 

p a r a l l e l  f ibers  i n  the molecular layer.  

'- 

Purkinje c e l l s  retained the i r  usual structure.  The nucleus w a s  

'roughly circular  and i t s  membranes showed some indentations and foldings. 

A do&le-layered nuclear membrane i s  c lear ly  vis ible  as are a l so  nuclear 

pores i n  tangentially sectioned c e l l s  (Fig. 14) .  

was granular i n  some ce l l s ,  but chromatin clumping w a s  evident i n  others 

(Figs. 15, 1 5 A ) .  

' seen in Fig. 16. 

The nuclear material  

A large nucleolus with a juxtanucleolar body i s  t o  be 

I n  Fig. 17  para l le l  membranes are  t o  be seen i n  the / 
(, F,&S 14-17 

granular endoplasmic reticulum as well as ribosoms. The mitochondria ! 

a re  well  preserved and t h e i r  cr is tae ,  as usual, run pa ra l l e l  with the long 

mitochondrial axis. 

cisternae i n  association with mitochondria, as has been noted i n  the normal 

cerebellum by Herndon (1963). 

a l s o  preserved. Surrounding the ;Purkinje ce l l s ,  various s t ructures  can I 

be seen i n  close apposition with ' the cytoplasmic membrane. 

1 

Some areas a t  the periphery of the cytoplasm contain I 

The Golgi apparatus and the lysosomes are 

t 

These include 

synaptic contacts (wlth basket f ibers ) ,  some of normal appearance and 

&hers sharing synaptic-vesicle clumping. 
e 
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Close t o  the Purkinje ce l l s ,  Ekrgmann c e l l s  were observed (Fig. 14 ) .  

"he nuclei were round and the chromatin w a s  regularly distributed. The 

perikaryon was enlarged and loaded with glycogen granules, dis t r ibuted 

homogeneously between the cytoplasmic subcellular organelles (Fig'. 18) . 
Present a t  the same l eve l  were basket-cell f ibers  which were f ree  from 

(Fig. 18 

glycogen deposit s . 
I n  the molecular layer no pathological changes were detected except 

fo r  enlargement of some astrocytes and except fo r  the presence of myriad 
, 

d glycogen granules i n  the Bergmann-cell processes (Figs. 19-21), 
(Figs. 19-21 

No pathological changes were found i n  the meninges. 

DISCUSSION 

Incidence and degree of danage incurred by various components of 

cerebellum 24 hours a f t e r  exposure t o  21.6 kR X radiation varied widely. 

The granule c e l l  was the  most radiovulnerable cerebellar element. 

I 

As 

has been recognized previously in  the rat, clumping of nuclear chroma- 

t i o n  occurred i n  ea r l i e r  stages of injury, while i n  l a t e r  stages the 

chromatin was reduced t o  a homogeneous mass, indicating frank nuclear 

necrosis. The clear  lacunar areas i n  the nucleus of c e l l s  thus w e d  i 

corresponded t o  the l i gh t  microscopy image of karyorrhexis. Membrane 

duplication and blebbing noted in  the present study were a l so  seen by 

Pitcock (1962) i n  the rat as soon as 5 minutes after.  exposure t o  15 kR 

high-intensity 7 radiation. So& of our observations conf i rEd  those by 
L 

Vogel (1959, 1.962) i n  the rabbiti following exposure t o  7' radiation at 

15 kR, mmely t ha t  at  the 24-hour stage, intranuclear granules were . #  

clumped and nuclear mmbranes serrated. We could not, however, f ind t .e 

broadening of the cytoplasmic space he described. O f  par t icular  in te res t  

c -- 
9 

r ., I .  
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i n  our material was the lack of change i n  the axonal processes of 

the  damaged granule c e l l s  a t  t h i s  stage. 

Purkinje c e l l s  suffered much less a l te ra t ion  than granule ce l l s ,  

and the incidence of t h e i r  involvement w a s  a l so  lower. The chief a l t e r -  

a t ion  was that of clunrping of nuclear chromatin in to  granular aggregates, 

which w a s  considered pathological. 

folding6 i n  the nuclear menibrane, but whether these represent pathological 

changes i s  not evident. Moreover., synaptic vesicles around the Purkinje 

c e l l  body were sometims clumped, suggesting an abnormality i n  synaptic 

contact. 

There were a l so  SOIE indentations and 

Law radiosensi t ivi ty  of Purkinje c e l l s  as compared with granule c e l l s  

i s  w e l l  recognized, fo r  example, from the observation by Hager, e t  al.  

(1962) that Purkinje c e l l s  i n  the hamster were f ree  from change a t  22 hours * 

following exposure t o  40.2 kR X radiation, a t  a time when granule c e l l s  

were shrunken and shared clunrping of nucleoplasm and at a time when cap- 

i l lar ies  exhibited endothelial-cell swelling, outpouchings , and other 

irregular it i e  6 .  
I 

'The r ad iosens i t i h ty  of granule c e l l s  i s  comparable with tha t  of 

granular c e l l s  of the olfactory bulb and w i t h  t ha t  of lymphocytes. The 

greater  s ens i t i v i ty  of granule ce l l s  over Purkinje c e l l s  appears t o  be 

re la ted  t o  t h e i r  respective innate qua l i t i es  and differ ing r e s t i t u t ive  

processes. In  a l l  t i s sues  nuclear histone and globulin content are 

reduced following i r radiat ion,  and it has been suggested tha t  bonds 

between histone and DNA are broken by radiation, but i n  less degree fo r  

n%gve,cells than for other ce l l s ,  and tha t  t h i s  might be a basis on which 

nerve c e l l s  are the  more radioresistant (Ernst, 1962) A study of 
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H3-leucine incorporation i n  cerebellar c e l l s  a few hours following exposure 

t o  proton radiation has revealed a significantly decreased uptake of t h i s  

precursor by granule c e l l s  and a fourfold uptake by Purkinje c e l l s  (Zernan 

and C u r t i s ,  1962) 

esses i n  the two c e l l  types. 

signifying underlying differences i n  synthetic proc- 

O f  perhaps greatest  interest  i n  our preparations were the changes 

observed i n  Bergmann ce l l s .  

enlarged, and the enlargement appeared t o  be due solely t o  the accumula- 

t l o n  of glycogen granules. 

and no changes were seen i n  the nucleus but a blurred image of the nuclear 

membrane. 

i n  the  hamster by Hager, e t  a l .  (1962) a t  15 hours after exposure t o  15 kR 

The cytoplasm of these c e l l s  was considerably 

d 

Otherwise the cytoplasm appeared unaltered, 

The increase i n  size of the cytoplasm corresponded t o  that noted 

X-rays 

Glycogen granules have been observed by l ight microscopy i n  the 

cerebellar cortex of the  rat about 12 hours following 48-~ev a-particle 

i r rad ia t ion  at  a peak dose of 30 kR given a t  1 kR/min (Klatzo, e t  al . ,  

1961) , and i n  the brain of the r a t  (cerebellum not specif ical ly  mentioned) 

following exposure t o  as small an X-ray dose (250 kvp) as 1.2 kR given 

a t  115 R/min (Miquel, e t  a l . ,  1963). Dose-rate effect ive limits of 3 kR .- 
X radiat ion (1000 kvp) have a lso  been established: 

appeared at  0.6 kR/min but not a t  0.3 kR/min (Brownson, e t  al., 1963). 

glycogen granules 

Glycogen accumulation i s  regarded as a pathological change, the increase 

being the outcom, apparently, of an inabi l i ty  of as t rogl ia  t o  ut i l ize  

or transfer the glucose coming t o  them fromthe blood stream. What bear- ' 

in@;  such accumulation might have on Purkinje and other nerve c e l l s  i s  

not known. 
.c.9 .. 
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Vessels i n  the cerebellum i n  o w  ser ies  of rats showed no v is ib le  

change a t  the time period a t  which observations were =de, namely a t  

24 hours, and thus glycogen accumulation appears t o  have occurred i n  the 

absence at l e a s t  of morphological changes i n  vessels. Under conditions 

of 15 kR 7 radiation, i n  the rat, Pitcock (1962) indicated 

l i a l  swelling was evident at  24 t o  48 hours postexposure. 

h i s  descriptions and figures,  t h i s  endothelial swelling i s  

swelling of the  "process of the clear g l i a l  c e l l s  adjacent 
\ 

t h a t  e ndothe - 
According t o  

linked with 

t o  blood 

vessels .I1 These changes might represent f ixat ion a r t i f a c t s .  

No other electron microscopy data on re la t ive  radiovulnerability of 

cerebellar vessels up t o  the 24-hour stage seem available.  

Other elements i n  the cerebellum i n  our series appeared unaltered, 

including the various c e l l s  i n  the molecular layer.  White x&tter and 

i t s  oligodendroglia a l so  appeared unaltered, and it i s  of i n t e re s t  that 

myelin i n  peripheral nerves of the rat as observed electron microscopically 

i s  a l so  re la t ive ly  radioresistent (Andres, 1963) . No inflammatory-cell 

reaction occurred, as i s  characterist ic for  the rat even when exposed t o  

a massive dose of radiation (Hicks, Wright and Leigh, 1956). Taking a l l  
I 

these points i n to  consideration, the ce l lu la r  e f fec ts  observed were con- .- 
sidered t o  be due t o  ionizing events i n  the  c e l l s ,  not t o  a l te ra t ions  

i? the milieu incident t o  primary vascular injury. 

.A- STJMMARY AND CONCLUSIONS 

The observations deal t  w i t h i i n  t h i s  report  were on the cerebellum 

of rats exposed 24 hours previously t o  21.6 kR X radiation given i n  a 

single dose. 

** . 
A t  t h i s  time period, as noted by electron microscopy, 
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scattered granule c e l l s  were severely damaged, the nuclei of some Purkinje 

c e l l s  shared minor changes, and the cytoplasm of Bergmann g l i a  was packed 

w i t h  glycogen granules. Other elements were l i t t l e  i f  a t  a l l  affected.  

. 

e 

, 

.- 
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FIGURE IZGENDS 

Fig. 1. Fixation by perfusion with chromic-osmium solution. Epon 

embedding. 

observed under phase contrast. 

be l l a r  folium, showing well preserved and closely packed myelinated 

f ibers  and a fibrous astrocyte 'of normal appearance. 

Thick section stained w i t h  paraphenylenediamine and 

Area of the myelin core of a cere- 

X 1665. 

Fig. 2. Area similar t o  t ha t  i l lus t ra ted  i n  Fig. 1, showing an intact  

oligodendrocyte i n  r e l a t ion . to  normal rqyelinated f ibers .  Thick sec- 

t i o n  stained with paraphenylenediamine. X 1500. 

Fig. 3 .  Fixation by perfusion with chromic-osmium solution. Epon 

embedding. 

observed under phase contrast. Area of the granular layer, showing 

ecattered pyknotic granule ce l l s .  

Thick section stained with paraphenylenediamine and . 
Notice also %he empty di la ted 

vessel and the  norm1 appearing wel ina ted  f ibe r s  and a glomerulus. 

x 1665. 

Fig. 4. Area similar t o  that i l lus t ra ted  i n  Fig. 3. Four pyknotic granule 

c e l l s  are  toibe seen. Notice also the two cerebellar glomeruli, which 

appear normal. Paraphenylenediamine s ta in .  X 1500. 

.- Fig. 5. Fixation by perf is ion with chromic-osmium solution. Epon 

embedding. Thick section stained with paraphenylenediamine s ta in .  

The two Purkinje c e l l s  appear normal. X 1500. 

Fig. 6. Fixation by perfusion with drromic-osmium solution. @on 

ernbedding. Thick section stained with paraphenylenediamine. The 

Purkinje c e l l  i s  of normal appearance. G r a d e  c e l l s  are damaged. - -;x 1500. 
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Fig. 7. Fixation by perfusion with chromic-osmium solution. Paraffin 

embedded section stained with PAS-hematoxylin after pretreatment 

with dimedone. 

ing t o  perikaryon and cytoplasmic processes of Bergmann c e l l s .  

Notice the abundant PAS-positive material correspond- 

X 580. 

Fig. 8. Higher magnification of a f i e ld  i l l u s t r a t ed  i n  Fig. 7. Notice 

that the glycogen i s  rest r ic ted t o  the cytoplasm of Bergmnn c e l l s  

and i s  not present i n  the cytoplasm of Purkinje c e l l s .  

pyknotic granule c e l l s  can be seen. X 720. 

Also numerous 

d 

Fig. 9 .  Fixation by perfusion with chromic-osmium solution. Epon 

embedding. 

Note the unaltered qyelinated f ibers ,  which contain mitochondria (M) 

and neurofilaments, 

Boundary region between qyelin core and granular layer .  

Also visible  i s  a mossy f iber  (MoF), which has 

synaptic contacts with granule-cell dendrites (S) Notice a l so  the 

presence of a g l i a l  f iber  (GF) close t o  a granule c e l l  ( G ) .  

s taining according t o  Karnovsky. 

Lead 

X 13000. 

Fig. 10. Fixation by perfusion with chromic-osmium solution. Epon 

embedding. 

possibly for some clumping.of nuclear material. Two granule c e l l s  

Some granule ce l l s  (G)  present a normal structure,  except 
# 

I 

are great ly  reduced i n  size and t h e i r  nuclei have an increased density 

and contain lacunar areas. 

. 
Disruptions and "blebbing" of the  nuclear 

I 

mmbrane have occurred. Small vacuole-like areas are  t o  be seen near '  

the  nuclear border. 

norm1 and ribosomes are clumped. 

normal appearance is a lso  vis ible .  

The cyt'oplasm i s  shrunken and i s  denser than 
I 

A cerebellar glomerulus (CG) of 

X 10000. 
\ 

! 
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Fig. ll. Higher magnification of a granule c e l l  (G)  i n  the same general 

region as i l l u s t r a t ed  i n  Fig. 10. 

loaded with glycogen granules ( G I ) .  Vacuole-like structures are 

present along the nuclear menibrane and i n  the inter'ior of the nucleus. 

X 35000. 

Some astrocyt ic  processes (A) a re  

Fig. 12. From some general region as i n  Fig. 11. To the r igh t  i s  an 

a l te red  granule c e l l  ( G ) .  

plasmic menibrane . X 25000. 

The arrows point t o  a multilayered cyto- 

d 

Fig. 13. Fixation by perfusion with chromic-osmium solution. Epon 

enibedding. 

close t o  it i s  an astrocytic process (A) loaded w i t h  glycogen granules 

(GL). Arrows point t o  an axo-dendritic synaptic contact (S) .  k a d  

staining according t o  Karnovsky. 

Area of molecular layer.  An empty vessel i s  shown, and 

X 35000. 

Fig. 14. Fixation by perfusion with chromic-osmium solution. Epon 

enibedding. Area of Purkinje-cell layer.  

Purkinje c e l l  (P) with an indented nucleus. Nuclear pores (Po) (arrows) - 
I n  the upper l e f t  i s  a 

are v is ib le .  Cytoplasm i s  well preserved and contains mitochondria 

, (M) ,  Golgi apparatus (GA), granular endoplasmic reticulum (EX), and 

.- lysosomes (L) . A t  the lower r igh t  i s  a Eergmann c e l l  (B) with a 

round nucleus and perikaryon and two cytoplasmic processes laden with 

glycogen granules (GL) . Other glycogen-granule-laden g l i a l  processes 

are a l so  t o  be seen. 

basket f ibers  (BF) . 
c e l l .  Uranyl acetate and lead s ta in .  X 9000. 

Close' to the c e l l  are  myelinated f ibe r s  and 

A t  thd lower l e f t  i s  part 'of another Purkinje 

I 

CI '-. 



Figs, 15 and 1%. Area similar t o  tha t  i l l u s t r a t ed  i n  Fig. 14. , Higher 

The arrows indicate s i t e s  of magnification of a Purkinje c e l l  (PI.  

synaptic contact between basket f i be r s  and the  perikaryon of a 

Purkinje c e l l .  

(ER) appear normal. 

Notice the  chromatin clumping, which i s  considered abnormal. 

acetate and lead s t a in .  

The Golgi apparatus (GA) and endoplasmic reticulum 

In  Fig. 1 3 A ,  par t  of a nucleus (N) i s  shown. 

Uranyl 

X 12000 and 30000, respectively. 

Fig. 16. Area similar t o  tha t  i n  Fig. 15. Higher magnification of a 
# 

Purkinje c e l l .  

ing abnormality. 

body are  v is ib le .  Uranyl acetate and lead s ta in .  X 20000. 

Fig. 17. Similar preparation as  i n  Fig. 16. Purkinje c e l l  (P) . The 

The nuclear material i s  unevenly distributed, suggest- 

A normal appearing nucleolus (NC) and paranucleolar 

arrows point t o  synaptic contacts (S) between basket f ibers  (BF) 

and a Purkinje c e l l .  Notice i n  the axonal terminal the cLumping of 

synaptic vesicles.  The W k i n j e - c e l l  nucleus (N)  appears norml .  

Uranyl acetate  and lead s ta in .  X 20000. 

Fig. 18. Fixation by perfusion with chromic-osmium solution. Region of 

Two Bergmann c e l l s  (B) a re  t o  be 
J 

Purkinje and Bergmann c e l l  layer.  

seen. 

a re  diffusely dis t r ibuted.  

Their cytoplasm i s  loaded with glycogen granules (GL), which 

Basket f i be r s  (BF) a re  f ree  from glycogen 

granules. Part of a Purkinje c e l l  (P) i s  v is ib le  at the lower 

r igh t .  won embedding. Uranyl acetate and lead s ta in .  X 12000. 

Fig. 19. Fixation by perf is ion with chromic-osmium solution. Epon 

embedding. Molecular layer. An astrocyt ic  process (A) i s  enlarged 

and loaded with glycogen granules (GL) , 

stain. X 20000. 

Uranyl acetate and lead - -* 

I' 

.- 
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Fig. 20. Fixation by perfusion with chromic-osmium solution. Epon 

embedding. 

an astrocytic process (A) loaded with glycogen (GL). 

a re  pa ra l l e l  f ibers  .(PF), and above are Purkinje-cell dendrites 

(PD) . Uranyl acetate and lead s ta in .  X 20000. 

Adjacent t o  a dendritic branch of a Purkinje c e l l  i s  

To the  r igh t  

Fig. 21. Fixation by perfusion with chromic-osmium solution. Epon 

embedding. Molecular layer. Glycogen (GI,) and g l i a l  fibers (GF) 

are present i n  the same astrocytic process ( A ) .  

several axo-dendritic synaptic contacts ( S) 

A t  the  bottom are  

Lead staining according 

t o  Karnovsky. X 30000. 

I 

. 




















